Adenoviruses can cause a broad spectrum of clinical diseases, most of which are self-limited. However, adenovirus infection can occasionally result in severe or lethal infection. Fifty-five adenovirus serotypes are known today, and they are classified into 7 subgroups (subgroups A to G). Here we examined 282 samples derived from hospitalized patients in Israel (September 2006 to August 2008) who were diagnosed as suffering from adenovirus infections. We used a recently described PCR amplification method and subsequent sequencing to identify the adenovirus. In addition, we studied the medical charts of 106 hospitalized patients from Sheba Medical Center in Israel. The most prevalent adenovirus serotypes found were serotypes 1 (22.8%), 2 (19.2%), 7 (18%), and 3 (14%). In addition, we identified several serotypes that have not been identified previously in Israel. Overall, serotypes of subgroup B were found to be approximately 4 times more prevalent among immunocompromised children than among generally healthy children (52.6%; P < 0.007). The realization that the virus subtypes are different among healthy and immunocompromised patients may lead to more efficient treatment of adenovirus infections among immunocompromised children in the future.
Adenoviruses are responsible for approximately 7 to 8% of reported childhood viral respiratory infections worldwide (3, 20) . Adenoviruses cause a broad spectrum of clinical disease, including respiratory tract infection, pharyngoconjunctival fever, conjunctivitis, hemorrhagic cystitis, and gastroenteritis. Although most infections are self-limited, adenoviruses have been associated with severe and even fatal infections in both immunocompromised and healthy individuals (6, 22, 27) . In the immunocompromised host, adenovirus can cause severe localized disease or disseminated disease with multiorgan failure (2, 11) . Case fatality rates for those patients can reach 50 to 80% (1, 2, 11, 20) .
There are 55 known human adenoviruses serotypes, classified into 7 species (subgroups A to G) (8, 12, 27, 28) .
Certain subgroups and serotypes are more commonly associated with specific disease syndromes, epidemiological settings, and demographic risk groups. For example, serotypes 1, 2, 3, 5, 6, and 7 cause mainly respiratory illness (3), while serotypes 40 and 41 cause mainly gastroenteritis (26) . Some studies imply an association between specific serotypes and subgroups and more severe disease presentation (4, 14, 15) .
A study conducted between 1988 and 1996 in Chile (15) reported that children infected with adenovirus serotype 7 (subgroup B) had longer hospital stays, a higher frequency of rectal temperatures over 39°C, and a greater need for oxygen support than children infected with adenovirus subgroup C. In addition, certain adenovirus serotypes that also belong to subgroup B, such as serotypes 34, 35, and 11, which are usually rare in the healthy population, are much more common in immunocompromised patients (11, 24) .
Recent studies suggested that the in vitro susceptibility to some antiviral drugs such as cidofovir and ribavirin may be serotype specific (19) , and therefore, a rapid diagnosis of the specific adenovirus serotype may become essential for proper treatment. Furthermore, adenovirus serotypes 4 and 7 were recognized as being the most common strains responsible for respiratory disease in soldiers. Vaccines have been developed for use against those individual adenovirus serotypes and have been successfully used by the U.S. army for about 25 years (9, 23) .
To the best of our knowledge, there is little information about the epidemiology of adenovirus serotypes prevalent in Israel and in the nearby area. To date, adenovirus serotyping in Israel was done retrospectively by using the neutralization method. Only the specific serotypes known to be prevalent in Israel were tested, given that the appropriate antibodies were available. In addition, this serological method is known to be nonspecific due to the cross-reactivity of the different antibodies against the various serotypes.
Recently, an innovative and advanced molecular method for the rapid detection of different adenovirus serotypes was described. This new method is based on the nucleotide sequencing of the adenovirus hexon gene. In 2006, Lu and Erdman demonstrated that by using PCR amplification and sequencing of the areas of HVR1 to HVR6 in the adenovirus hexon gene, almost all of the 51 different serotypes could be identified, excluding serotypes 15 and 19 (16) . This method has been adopted by other studies and was noted to be fast, simple, and more precise than the traditional method (10) .
We used this new molecular method to characterize adenoviruses serotypes prevalent in hospitalized patients in Israel. In addition, we characterized the morbidity of generally healthy hospitalized children with a positive adenovirus test and identified the serotypes prevalent in immunocompromised versus healthy children. DNA extraction and sequencing. Routinely, the process of adenovirus detection in clinical samples includes DNA extraction using a QIAamp blood minikit (Qiagen, Germany) and real-time PCR. In our study, we further sequenced all PCR-amplified DNA extracts of the adenoviruses using an ABI Prism 3100 Avant genetic analyzer (Applied Biosystems, CA) according to the method described previously by Lu and Erdman (16) .
MATERIALS AND METHODS

Population
Review of medical records. In order to characterize the clinical symptoms associated with adenovirus infections in hospitalized children, we studied all computerized medical charts of patients under 18 years of age who were hospitalized at Sheba MC between September 2006 and August 2008 and who had been diagnosed with adenovirus infection.
For each patient the following data were obtained: demographic data (including age upon admission, sex, and city of residence), duration of hospitalization, hospital ward, source of the sample (e.g., throat culture, nasal culture, or stool sample), comorbidities with an emphasis on immunosuppressive diseases or states, symptoms compatible with adenovirus infection (e.g., cough, conjunctivitis, sore throat, diarrhea, vomiting, and dysuria), vital signs at admission (e.g., fever and oxygen saturation in room air), physical findings (e.g., dyspnea, lung crepitations, and obstructive lung findings), laboratory tests (e.g., complete blood count and liver enzymes), imaging tests (e.g., chest X-ray), and documented complications (e.g., apnea, oxygen support, and artificial mechanical ventilation).
Based on the data from the medical charts, the children were divided into two groups: children with and those without substantial underlying diseases which altered their immunological system (immunocompromised versus generally healthy children, respectively). The immunocompromised group included children with the following underlying diseases: solid and hematological malignant tumors, immunosuppressive treatment, genetic syndromes (such as Down's syndrome and fragile X), complex neurological diseases, congenital cardiac defects, chronic lung diseases, prematurity, and metabolic disorders.
Statistical analysis. We used descriptive statistics to describe the adenoviruses serotypes prevalent in Israel and to characterize the illness caused by them.
A chi-square test and a t test were used for comparisons between categorical and continuous variables, respectively. A P value of Ͻ0.05 was considered significant.
RESULTS
Study population. Between September 2006 and August 2008, our laboratory diagnosed 282 out of 1,542 samples (18.3%) as being positive for adenovirus infections, accounting for 206 patients (76 samples were either repeated samples or from different sites in the same patient). All of these patients were hospitalized at various general hospitals in central Israel.
Adenovirus infections were prevalent throughout the year. The disease predominated in children and in males: 137 (66.5%) patients were under the age of 3 years (Fig. 1) , and 123 (59.7%) were males (male-to-female ratio, 1.48).
Adenovirus subgroups and serotypes. To gain precise information on the types of adenoviruses present in Israel during the study period, we used the sequencing method outlined in Materials and Methods to type 115 of the 282 (40.8%) adenovirus-positive samples, corresponding to 83 (40.3%) patients.
We identified 15 out of the 35 known different serotypes (data not shown). The most common were serotypes 1 (n ϭ 19; 22.9%) and 2 (n ϭ 16; 19.3%) from subgroup C and serotypes 7 (n ϭ 14; 16.9%) and 3 (n ϭ 12; 14%) from subgroup B (Fig.  2) . No association was observed between the different serotypes and seasonality, apart from serotype 1, which seemed to be predominant in the fall and winter (Fig. 3) .
Clinical characteristics of hospitalized children. Medical charts of 106 hospitalized children (under 18 years of age) at Sheba MC during our study period with laboratory-confirmed adenovirus infection were studied, which included 52 (49%) children who were considered to be generally healthy and 54 (51%) children who were immunocompromised.
The characteristics of the generally healthy children are detailed in Table 1 . Among these children, the average age of the children upon adenovirus infection was 1.4 Ϯ 2.2 years. A total of 52.8% of the infected children were under the age of 1 year, and 88.6% were under the age of 2 years. The male-to-female 3 ) was found. Six generally healthy children were admitted due to apnea. Two children needed intensive care unit admission and mechanical ventilation, and one died due to septic shock, disseminated intravascular coagulation, and intracerebral hemorrhage. All six were aged between 2 weeks and 4 months.
Among the immunocompromised children the average age was significantly higher than that among the generally healthy group, 2.7 Ϯ 3.2 years (P Ͻ 0.017), and 61.1% were under the age of 2 years. The male-to-female ratio was 1.34 (not significant).
In the generally healthy children, 15 serotypes were identified, and the majority (70.8%) belonged to subgroup C. Serotypes from subgroups B, E, and F were also identified. Among the immunocompromised children, 19 serotypes were identified, and all belonged to both subgroups B (52.6%) and C (47.3%) (Fig. 4) . Overall, subgroup B, which was not common among generally healthy children (13%), was very common among immunocompromised children (52.6%) (P Ͻ 0.007).
DISCUSSION
The main goal of this study was to characterize the adenovirus serotypes and subgroups prevalent in hospitalized patients in Israel during the study period. We used a new method of PCR amplification followed by sequencing, which allowed us to identify serotypes that have not previously been detected in Israel. For example, an analysis done in Israel in 2005 by our laboratory using the serological method identified serotypes 3 (32.4%) and 7 (13.5%) of subgroup B; serotypes 2 (29.7%), 1 (19%), and 5 (2.7%) of subgroup C; and serotype 4 (2.7%) of subgroup E. In our current research, the 4 most common serotypes remained the same (serotypes 1, 2, 7, and 3) although with a different distribution. In addition, we identified rare serotypes that were not routinely reported in Israel pre- A similar study was conducted between 1999 and 2002 in Egypt (18), using serotype-specific primer sets for PCR amplification rather than common primers followed by sequencing of the PCR product. Therefore, rare serotypes were probably not identified. Nevertheless, the most common serotypes were serotypes 7 (58%) and 3 (16%) of subgroup B and serotype 1 of subgroup C (12%), similar to the most common serotypes in Israel but with a different distribution.
The characterization of adenovirus infections among healthy children was consistent with what has been described in the literature. Adenoviruses are known to typically infect very young children, and indeed, in our study, the average age of the hospitalized healthy children was 1.4 Ϯ 2.2 years, similar to the average age described in a study conducted in 2004 at Schneider Children's Medical Center of Israel (1.4 Ϯ 0.8 years) (21) . The male-to-female ratio in our study was 1.68. The tendency toward male predominance is known from other previously reported studies of adenoviruses infection (10) as well as from studies of other infectious diseases, such as influenza virus, parainfluenza virus, and respiratory syncytial virus (RSV) (25) .
According to our study, the clinical manifestation of adenovirus infection in hospitalized but generally healthy children was cough, fever, rhinorrhea, diarrhea, vomiting, and conjunctivitis, which is consistent with the known literature. Over onethird of the children had an oxygen saturation level below 95%, which is similar to what was reported by other studies.
Six generally healthy infants (11.5%) were admitted to Sheba Medical Center as a result of an apnea event (or events) related to upper respiratory infection. All were also checked for RSV in addition to adenovirus, but only one tested positive for both viruses. One of the infants aged 2 weeks was admitted to the intensive care unit after a severe apnea event and was mechanically ventilated. His respiratory and general condition deteriorated due to septic shock, disseminated intravascular coagulation, and intracerebral hemorrhage, and he eventually died. This infant tested positive for adenovirus serotype 14, a rare serotype that is known to cause severe and sometimes fatal respiratory illness in patients of all ages, including healthy young adults (5) . Infections as causes for apnea events among newborns or an "apparent life-threatening event" (ALTE) have been widely studied but mainly in the context of RSV, pertussis, or Mycoplasma infections (13, 17) . The possible link between adenoviruses and ALTE has not been sufficiently explored to date, and our findings highlight the need for further evaluations of the role of adenovirus infections in ALTE.
The difference observed between the adenovirus subgroups that were identified among generally healthy children and the subgroups found among immunocompromised has not been previously described. There have been studies that implied that certain serotypes are more common among children with im- munological impairment (and are rare in the general population), such as serotypes 11, 34, and 35 of subgroup B (11, 24) . Our study demonstrated that the distribution of subgroup B among generally healthy children (13%) is significantly lower than that among immunocompromised children (52.6%; P Ͻ 0.007). Thus, the chance of being hospitalized due to adenovirus subgroup B infection is approximately 4 times higher among immunocompromised children. There are not enough data to date to determine whether serotypes of subgroup B are more virulent, as implied by some studies (15) , or perhaps, some of these serotypes act as opportunistic infections, which do not cause illness among immunocompetent people but emerge when the immune system is compromised. In summary, this study enabled us to draw a general picture of the common adenovirus serotypes in hospitalized patients in central Israel from September 2006 to August 2008 and their relative prevalence. The observation that different subtypes are present in healthy versus immunocompromised children may contribute in the future to the development of treatment protocols and may assist in the future when considering possible vaccination of the population.
